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(57) ABSTRACT 

A vehicle brake control system is provided With a preceding 
object detecting section, a running condition detection sec 
tion, a steering actuation state detecting section, a braking 
force detecting section, a preceding object avoidability deter 
mining section and a braking force control section. The pre 
ceding object avoidability determining section determines a 
possibility of avoiding the preceding object by steering and 
reducing the current braking force acting on the host vehicle 
based on the position of the preceding object, the running 
condition of the host vehicle, the braking force applied to the 
host vehicle and the steering Wheel actuation state that are 
detected. The braking force control section reduces the cur 
rent braking force applied by the host vehicle braking system 
When the preceding object avoidability determining section 
determines that the preceding object can be avoided by steer 
ing and reducing the current braking force acting on the host 
vehicle. 
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VEHICLE BRAKE CONTROL SYSTEM AND 
METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority to Japanese Patent Appli 
cation No. 2006-167397, ?led on Jun. 16, 2006. The entire 
disclosure of Japanese Patent Application No. 2006-167397 
is hereby incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention generally relates to a vehicle brake 

control system and method capable of assisting a driver With 
respect to avoiding an obstacle. More speci?cally, the present 
invention relates to a vehicle brake control system and 
method that aids in determining if a preceding detected 
obstacle can be avoided by steering Way from the preceding 
object and loWering the braking force acting on the vehicle. 

2. Background Information 
Vehicle brake control systems have been proposed to deter 

mine the possibility of avoiding an obstacle existing in front 
of a host vehicle in Which the system is employed and to 
control a host vehicle braking system applied to the host 
vehicle so as to avoid a collision. One example of such a 
vehicle brake control system is disclosed in Japanese Laid 
Open Patent Publication No. 2004-155241. In this publica 
tion, it is also proposed that When the driver is operating the 
steering Wheel, a generated braking force is reduced com 
pared to the braking force that Would be generated if the driver 
Were not operating the steering Wheel. 

SUMMARY OF THE INVENTION 

Since the vehicle brake control system just described does 
not determine Whether or not the vehicle can avoid the pre 
ceding object by steering With the braking force of the vehicle 
being loWered, there are situations in Which the reduced brak 
ing force control may be executed even though the obstacle 
cannot be avoided by steering With the reduced braking force 
control being executed. Thus, the avoidance control provided 
by this vehicle brake control system may not be optimal in 
certain situations. 

The present invention Was conceived in vieW of this disad 
vantage in the above mentioned vehicle brake control system. 
One object of the present invention is to improve the accuracy 
With a vehicle brake control system can determine that a 
detected preceding object can be avoided by steering aWay 
from the preceding object With a reduced braking force acting 
on the vehicle in situations in Which it is dif?cult to avoid the 
preceding object With a braking force alone. 

In order to achieve the aforementioned object, the present 
invention is con?gured to determine if it is possible to avoid 
an obstacle by steering and reducing the braking force cur 
rently acting on the vehicle. In particular, the above men 
tioned object can basically be attained by providing a vehicle 
brake control system that comprises a preceding object 
detecting section, a running condition detection section, a 
steering actuation state detecting section, a braking force 
detecting section, a preceding object avoidability determin 
ing section and a braking force control section. The preceding 
object detecting section is con?gured to detect a position of a 
preceding object existing in front of a host vehicle. The run 
ning condition detection section is con?gured to detect a 
running condition of the host vehicle. The steering actuation 
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2 
state detecting section is con?gured to detect an actuation 
state of a steering Wheel of the ho st vehicle. The braking force 
detecting section is con?gured to detect a current braking 
force applied to the host vehicle by a host vehicle braking 
system. The preceding object avoidability determining sec 
tion is con?gured to determine a possibility of avoiding the 
preceding object by steering and reducing the current braking 
force acting on the host vehicle based on the position of the 
preceding object, the running condition of the host vehicle, 
the braking force applied to the host vehicle and the steering 
Wheel actuation state that are detected. The braking force 
control section is con?gured to reduce the current braking 
force applied by the host vehicle braking system When the 
preceding object avoidability determining section determines 
that the preceding object can be avoided by steering and 
reducing the current braking force acting on the host vehicle. 

These and other objects, features, aspects and advantages 
of the present invention Will become apparent to those skilled 
in the art from the folloWing detailed description, Which, 
taken in conjunction With the annexed draWings, discloses 
preferred embodiments of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Referring noW to the attached draWings Which form a part 
of this original disclosure: 

FIG. 1 is a vehicle is schematically illustrated With a 
vehicle brake control system in accordance With a ?rst 
embodiment of the present invention; 

FIG. 2 is a block diagram of the vehicle brake control 
system shoWn in FIG. 1 for explaining the functional rela 
tionships of the components of the vehicle brake control 
system in accordance With a ?rst embodiment of the present 
invention; 

FIG. 3 is a ?owchart shoWing the control processing steps 
executed in the vehicle brake control system shoWn in FIG. 1 
for explaining the operation of the vehicle brake control sys 
tem; 

FIG. 4 is a schematic diagram illustrating the establishment 
of a coordinate system for de?ning the state quantities of the 
host vehicle shoWn in FIG. 1; 

FIG. 5 is a schematic diagram illustrating the state quanti 
ties used to estimate the host vehicle travel path; 

FIG. 6 is a schematic diagram illustrating the concepts 
involved in estimating the host vehicle travel path; 

FIG. 7 is a pair of schematic diagrams illustrating the 
avoidance of an obstacle in Which diagram (A) illustrates a 
situation in Which the host vehicle avoids a stationary 
obstacle, and in Which diagram (B) illustrates a situation in 
Which the host vehicle avoids a moving obstacle; 

FIG. 8 is a vehicle is schematically illustrated With a 
vehicle brake control system in accordance With a second 
embodiment of the present invention; 

FIG. 9 is a schematic diagram illustrating a situation in 
Which a vehicle brake control system in accordance With a 
third embodiment of the present invention; 

FIG. 10 is a schematic diagram illustrating a vehicle brake 
control system in accordance With a fourth embodiment of the 
present invention in Which a coordinate system is established 
for de?ning the state quantities of the host vehicle; 

FIG. 11 is a schematic diagram illustrating a situation in 
Which the vehicle brake control system in accordance With the 
fourth embodiment of the present invention is employed; 

FIG. 12 is a graph illustrating an estimate of future steering 
angles calculated based on a driver steering estimating sec 
tion in accordance With the fourth embodiment of the present 
invention; and 
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FIG. 13 is a schematic diagram illustrating an example of 
the host vehicle travel path that results When a preceding 
object is avoided using a steering estimation in accordance 
With the fourth embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Selected embodiments of the present invention Will noW be 
explained With reference to the draWings. It Will be apparent 
to those skilled in the art from this disclosure that the folloW 
ing descriptions of the embodiments of the present invention 
are provided for illustration only and not for the purpose of 
limiting the invention as de?ned by the appended claims and 
their equivalents. 

First Embodiment 

Referring initially to FIG. 1, a vehicle NS (hereinafter also 
called “the host vehicle”) is illustrated that is equipped With a 
vehicle brake control system in accordance With a ?rst 
embodiment of the present invention. As shoWn in FIG. 1, the 
vehicle brake control system basically includes a pair of 
cameras 1, a pair of vehicle speed sensors 2, a yaW rate sensor 
3, an acceleration sensor 4, a steering angle sensor 5, a control 
unit 6, a host vehicle braking system 7, a pair of front Wheels 
8A‘, and a pair of rear Wheels 8B‘. The front and rear Wheels 
8A‘ and 8B‘ as used herein includes their respective tires. 
These constituent components are arranged in appropriate 
locations of the host vehicle NS to carry out the present 
invention, as Will noW be explained. 

The cameras 1 are mounted inside a frontWard portion of 
the cabin such that they can photograph the road situation in 
front of the host vehicle NS. The cameras 1 function as a 
preceding object detecting section 10A (see FIG. 2) that are 
con?gured to detect such features as a preceding object or 
obstacle WO, road boundaries ROL and ROR, White lines, 
etc., on the road in front of the host vehicle NS. FIG. 4 
illustrates features detected by the preceding object detecting 
section 10A. In this embodiment, the preceding object detect 
ing section 10A includes the tWo cameras 1 that are laterally 
spaced apart in a WidthWise (lateral) direction of the host 
vehicle NS such that it can detect the direction and distance of 
the preceding object WO. Thus, the preceding object detect 
ing section 10A processes the images captured by the cam 
eras 1 and detects the relative position of the preceding object 
WO With respect to the host vehicle NS. 

In this embodiment, each of the vehicle speed sensor 2 uses 
a rotary encoder mounted to a portion (not shoWn) of one of 
the Wheels 8A‘ of the host vehicle. As the Wheel rotates, the 
rotary encoder generates a pulse signal proportional to the 
rotational speed of the Wheel. The vehicle speed sensors 2 
detect the pulse signal and thereby measure the vehicle speed 
When the Wheels are not being braked. 

The yaW rate sensor 3 is a Well-knoWn device employing a 
quartz transducer or semiconductor device. The yaW rate 
sensor 3 is preferably mounted to a middle portion of the host 
vehicle NS. The yaW rate sensor 3 detects the yaW rate of the 
host vehicle NS. 

The acceleration sensor 4 is a Well-knoWn device employ 
ing a pieZoelectric element or other technology. The accel 
eration sensor 4 is arranged in an appropriate location. The 
acceleration sensor 4 serves to detect the acceleration rate of 
the host vehicle NS. In this embodiment, the accelerator 
sensor 4 is used to estimate the speed of the host vehicle NS 
during braking. 
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As indicated in FIG. 2, the vehicle speed sensors 2, the yaW 

rate sensor 3, and the acceleration sensor 4 function as a 
running condition detection section 10B for detecting the 
running condition of the host vehicle NS. When the host 
vehicle NS is not being braked, the running condition detec 
tion section 10B uses the measurement value of the vehicle 
speed sensors 2 to detect the running speed of the host vehicle 
NS. Meanwhile, When the host vehicle NS is being braked, 
the running condition detection section 10B detects the run 
ning speed of the host vehicle NS by applying an integration 
calculation to measurement values from the acceleration sen 
sor 4. 

The steering angle sensor 5 in the illustrated embodiment is 
part of a rack and pinion steering mechanism that includes a 
steering shaft 5A With a steering Wheel 5B mounted thereto. 
By detecting the rack stroke amount resulting from operation 
of the steering shaft 5A, the steering angle sensor 5 measures 
the angle to Which the steering Wheel 5B is being turned by 
the driver. As indicated in FIG. 2, the steering angle sensor 5 
functions as a steering actuation state detecting section 10C 
that is con?gured to detect operation of the steering Wheel 5B 
by the driver. In this embodiment, the steering actuation state 
detecting section 10C is con?gured to detect the steering 
actuation amount (amount by Which the steering Wheel is 
turned by the driver), Which can be assumed to be substan 
tially equal to the steering angle of the front Wheels 8A‘. 

The control unit 6 preferably includes a microcomputer 
With a vehicle brake control program that controls the braking 
of the vehicle 10 as discussed beloW. The control unit 6 is 
arranged in an appropriate location and comprises integrated 
circuits including such components as a microprocessor, an 
A/D converter circuit, a D/A converter circuit, a central pro 
cessing unit and storage devices such as a ROM (Read Only 
Memory) device and a RAM (Random Access Memory) 
device. The control unit 6 is capable of selectively controlling 
any of the components of the control system in accordance 
With the control program. The control unit 6 executes com 
puter processing in accordance With a program stored in the 
memory so as to process detection signals from the sensors 2 
to 5 and to calculate a braking force command value for 
obstacle avoidance. The control unit 6 sends the resulting 
braking force command value to the host vehicle braking 
system 7. It Will be apparent to those skilled in the art from 
this disclosure that the precise structure and algorithms for 
the control unit 6 can be any combination of hardWare and 
softWare that Will carry out the functions of the present inven 
tion. In other Words, “means plus function” clauses as utiliZed 
in the speci?cation and claims should include any structure or 
hardWare and/or algorithm or softWare that can be utiliZed to 
carry out the function of the “means plus function” clause. 
The host vehicle braking system 7 comprises, for example, 

a braking force applying section 8E comprising front Wheel 
brakes and rear Wheel brakes, a brake hydraulic system 8C 
con?gured to control the front brakes and rear brakes With 
hydraulic pressure, and a control valve 8D provided in the 
hydraulic system 8C. The opening degree, for example, of the 
control valve 8D is adjusted in accordance With the braking 
force command signal from the control unit 6. 
The control unit 6 functions as a braking force control 

section that includes a braking force control determining 
section 6A, an object avoidability determining section 6B, 
and a braking force control start determining section 6C. The 
braking force control determining section 6A, the preceding 
object avoidability determining section 6B and the braking 
force control start determining section 6C are preferably part 
of, for example, a softWare module. As Will be explained 
beloW in more detail, the object avoidability determining 
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section 6B determines if it is possible to avoid a preceding 
object by steering and reducing the braking force currently 
acting on the host vehicle. The braking force control deter 
mining section 6A determines if a braking force control is in 
progress, Which is sent to the braking force control start 
determining section 6C for controlling the host vehicle brak 
ing system 7 based on the determination of the preceding 
object avoidability determining section 6B. As a result, the 
determination accuracy can be improved When it is deter 
mined that the preceding object can be avoided by steering 
(i.e., When the steering Wheel is being turned) aWay from the 
preceding object and reducing the braking force (i.e., When 
the steering Wheel is being turned). 

The braking force control determining section 6A serves to 
determine Whether or not braking force control is in progress 
(i.e., is being executed). When the braking force control deter 
mining section 6A has determined that braking force control 
is in progress, the preceding object avoidability determining 
section 6B serves to determine Whether or not the preceding 
object WO can be avoided if the braking force currently 
acting on the host vehicle NS is loWered. The determination 
of avoidability is made based on the position of the preceding 
object WO relative to the host vehicle NS detected by the 
preceding object detecting section 10A, the host vehicle run 
ning condition detected by the running condition detection 
section 10B, and the actuation state detected by the steering 
actuation state detecting section 10C. If it determines that the 
preceding object WO can be avoided by steering and reducing 
the current braking force, the preceding object avoidability 
determining section 6B controls the host vehicle braking 
system 7 so as to loWer the braking force applied to the host 
vehicle NS. 

The braking force control start determining section 6C 
serves to determine Whether or not it is impossible to avoid the 
preceding object WO based on the position of the preceding 
object WO relative to the host vehicle NS detected by the 
preceding object detecting section 10A and the host vehicle 
running condition detected by the running condition detec 
tion section 10B. If the braking force control start determin 
ing section 6C determines that the preceding object W0 is 
unavoidable, then the braking force control start determining 
section 6C starts the execution of a braking force control. The 
control unit 6 and the host vehicle braking system 7 are also 
preferably provided With the functional capability to execute 
a typical ABS control. Here, the term “ABS control” refers to 
a control con?gured to monitor the slippage state of each of 
the Wheels based on the change in the rotational speed of each 
Wheel and to loWer the braking force acting on any of the 
Wheels When it is determined that the slippage state of that 
Wheel exceeds a prescribed level. By loWering the braking 
force of each Wheel as required, the slippage states of the 
Wheels are held to or beloW the prescribed level and the ability 
of the Wheels to support lateral loads is maintained. 

The embodiment Will noW be explained further With refer 
ence to FIGS. 3 to 7. FIG. 3 shoWs a ?owchart for explaining 
the steps of an object avoidability control. FIG. 4 shoWs the 
relationship betWeen the preceding object W0 and the host 
vehicle NS. FIG. 5 shoWs the running state of the host vehicle 
NS. FIG. 6 provides a visual illustration of the control How 
When an obstacle is being avoided. FIG. 7 illustrates the state 
of an obstacle being avoided. 

FIG. 4 illustrates a situation in Which the host vehicle NS is 
traveling along a straight road R0 and a pedestrian, i.e., an 
preceding object WO, starts to cross the road from the left side 
in front of the host vehicle NS. It is assumed that the preced 
ing object WO has suddenly darted out onto the forWard path 
of the host vehicle NS. Partitioning Walls WA are provided on 
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6 
both sides of the straight road RO on Which the host vehicle 
NS is traveling and, thus, it is physically impossible for the 
host vehicle NS to depart from either side of the road RO. 
As shoWn in FIG. 3, the control unit 6 reads the detection 

signals from the cameras 1 and the sensors 2 to 5 once per 
prescribed cycle time and converts the signals into useful 
information for avoidance control calculations (Step 1). The 
images containing the forWard road situation captured by the 
cameras 1 and the detection signals from the sensors 2 to 5 are 
stored in a memory region (not shoWn) of the control unit 6. 
The images captured by the cameras 1 contain the preceding 
object W0 and the road boundaries ROR and ROL, Which are 
useful external environment information for avoiding the pre 
ceding object. In order to use the images to calculate a control 
amount for avoiding the preceding object WO, the control 
unit 6 establishes a coordinate system for describing the 
motion of the host vehicle NS and the preceding object WO. 

In Step 1, the control unit 6 detects the position of the 
preceding object With respect to the host vehicle and detects 
the running condition of the host vehicle, Which Will be used 
to establish the coordinate system. In this embodiment, as 
shoWn in FIG. 4, an X axis is set to extend along the forWard 
movement direction of the straight road R0 and aY axis is set 
to intersect perpendicularly With the X axis. The origin 0 of 
the coordinate system can be selected arbitrarily. For 
example, it is possible to set the origin of the X axis at the 
current position of the center of gravity of the host vehicle NS 
and the origin of the Y axis in the vicinity of the longitudinal 
centerline (line demarking the WidthWise center) of the 
straight road RO. Once an X-Y coordinate system is estab 
lished, the positions of the host vehicle NS, the preceding 
object W0, and the road boundaries ROR and ROL can be 
expressed as coordinates in the coordinate system. The pre 
ceding object avoidance control Will noW be explained based 
on the assumption that the existence of the road boundaries 
ROR and ROL is not taken into account. 

For example, the position of the host vehicle NS and the 
position of the preceding object WO at a point in time occur 
ringt seconds after the current time are expressed as (x, y) and 
(xp, yp), respectively, in terms of the X andY coordinates. In 
FIG. 4, the host vehicle NS is shoWn in the position Where it 
is expected to be t seconds after the current time. The road 
boundaries ROR and ROL Will not be taken into account in 
the folloWing explanation. 
The control unit 6 detects the preceding object WO by 

processing the stereo images captured by the cameras 1 and 
calculates the position of the preceding object WO. The rela 
tive positions of the host vehicle NS and the preceding object 
WO that have been calculated directly by the image process 
ing are converted into values of the coordinate system and 
stored in a prescribed memory region. In this Way, speci?c 
values are assigned to the variables (x, y) and (xp, yp). 

MeanWhile, the control unit 6 executes the function of the 
braking force control determining section 6A. In other Words, 
the control unit 6 determines if braking force control for the 
purpose of avoiding the preceding object W0 is in progress 
(Step 2). The determination as to Whether or not the braking 
force control is in progress is accomplished using a braking 
force control execution ?ag. The braking force control execu 
tion ?ag is “ON” When the braking force control is in progress 
and “OFF” When the braking force control is not being 
executed. Until a preceding object W0 is discovered, the 
braking force control is not executed and the control unit 6 
proceeds from Step 2 to Step 3. Thus, Step 2 serves as a 
braking force control determining section for determining 
Whether or not braking force control is being executed against 
the vehicle. 
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In Step 3, the control unit 6 reads a control program for 
determining if braking force control should be started and 
executes the processing dictated by the control program. In 
this embodiment, it is determined that the conditions for 
starting the braking force control are satis?ed When both of 
the inequality Equations (1) and (2) shoWn beloW are satis 
?ed. 

(1) s TfCmt-n 
V 

(2) 
WP — yl S 2 

The expression on the left side of the Equation (1) is the 
value obtained by dividing the distance from the host vehicle 
NS to the preceding object WO by the vehicle speed V and 
represents the amount of time required for the host vehicle NS 
to arrive at the X-axis position Where the preceding object 
WO exists starting from the current point in time. The expres 
sion TTCml-n on the right side is a positive valued parameter 
serving as a determination threshold value and is set to, for 
example, 3 to 4 seconds. Thus, if the host vehicle NS Will 
reach the position of the preceding object WO Within 3 to 4 
seconds from the current time, there is the possibility that the 
host vehicle NS Will contact the preceding object WO. 

The left side of the Equation (2) expresses the distance 
betWeen the host vehicle NS and the preceding object WO 
along the Y axis direction. Regarding the preceding object 
WO, a quasi-occupied region WOF' that is slightly larger than 
the region WOF actually occupied by the preceding object 
W0 is taken into account by the right side of the Equation (2). 

The right side of the Equation (2) is the value obtained by 
dividing the sum of the Width WP of the quasi-occupied region 
WOF' and the Width WV of the host vehicle NS by 2. If the 
distance from the host vehicle NS to the preceding object WO 
in the Y direction is equal to or smaller than the value (Wp+ 
Wv)/2, then there is the possibility that the host vehicle NS 
Will contact the preceding object WO if it continues to travel 
With the same running conditions. The reason the quasi-oc 
cupied region WOF' is taken into account is to increase the 
possibility of avoiding the preceding object WO. 

In Step 4, the control unit 6 computes the inequality Equa 
tions (1) and (2) in order to determine Whether or not it is 
impossible to avoid the preceding object WO based on the 
position of the preceding object WO With respect to the host 
vehicle NS and the running state of the host vehicle NS. If the 
conditions de?ned by the Equations (1) and (2) are both 
satis?ed, then the control unit 6 determines that it is impos 
sible to avoid the preceding object WO by braking alone and 
proceeds to Step 5. If at least one of the Equations (1) and (2) 
is not satis?ed, then the control unit 6 proceeds to Step 13 and 
ends the braking force control start determination processing 
before repeating the control loop in the next control cycle. If 
the conditions de?ned by the Equations (1) and (2) are both 
satis?ed, then the control unit 6 sets the braking force control 
execution ?ag to ON in Step 5 and sets target values for 
braking force control in Step 6. Thus, Step 4 serves as a ?rst 
or initial preceding object avoidability determination section 
that is executed When a preceding object or obstacle is 
detected, and that determines Whether or not the preceding 
object or obstacle is avoidable based on the relative position 
and relative velocity of the preceding object WO With respect 
to the host vehicle NS. 

The braking force target values are set to the maximum 
braking force that can be generated by the ho st vehicle brak 
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8 
ing system 7. The maximum value of braking force that can be 
exerted at each of the Wheels 8A‘ and 8B‘ Will be indicated 
hereinafter as Fima". The letter “i” is an identi?er to indicate 
Which of the Wheels 8A‘ and 8B‘ is being discussed. In this 
embodiment, “i” is an integer from 1 to 4. 
The maximum braking force Fima" that can be exerted at 

each of the Wheels 8A‘ and 8B‘ can be expressed as shoWn in 
the Equation (3). 

F imQXIHII/Vi (3) 

In the above Equation, term p. is the friction coe?icient of 
the road surface and term Wl- is the Weight load born by the 
respective Wheel 8A‘, 8A‘, 8B‘ or 8B‘. In this embodiment, the 
road surface friction coe?icient p. is set in advance to a value 
that can be assumed to be typical for the kind of straight road 
RO on Which the vehicle Will travel. It is also possible to use 
a knoWn technology to estimate the road surface friction 
coe?icient u. The Wheel loads Wl- can be estimated With good 
ef?ciency by using Wheel load values obtained When the 
vehicle is at rest as reference values and revising the reference 
values using the measurement value obtained from the accel 
eration sensor 4. 

The braking forces exerted by the host vehicle braking 
system 7 are exerted as braking torques. Therefore, the con 
trol target values calculated by the control unit 6 for each of 
the Wheels 8A‘, 8A‘, 8B‘ and 8B‘ in Step 6 are calculated as 
braking torques Tico’" to be applied by the host vehicle brak 
ing system 7. 
The braking torques Ti 

tion (4) shoWn beloW. 

com are calculated using the Equa 

max 

TCOm _ l t _ — 

r 

(4) 

In the above Equation, term r is the tire radius. 
After the control unit 6 sends the control target values to the 

host vehicle braking system 7, it ends the processing of the 
current cycle of the control loop. 

Thus, the control unit 6 determines if it is impossible to 
avoid the preceding object WO based on the position of the 
preceding object WO With respect to the host vehicle NS 
detected by the preceding object detecting section 10A and 
the host vehicle running condition detected by the running 
condition detection section 10B and, if it determines that 
avoiding the preceding object W0 is impossible, then the 
control unit 6 starts executing braking force control. Then, 
after the prescribed cycle time has elapsed, the control unit 6 
returns to Step 1 and reads the detection signals of the cam 
eras 1 and the sensors 2 to 5. 

In Step 2 of the next control cycle, the control unit 6 again 
determines if the braking force control is in progress. In this 
Step 2, if the braking force control execution ?ag Was turned 
ON in the previous control cycle, then the control unit 6 
determines that the braking force control is in progress and 
proceeds to Step 7. 

In Step 7, the steering actuation state detecting section 10C 
detects Whether or not the driver is performing a steering 
operation (i.e., turning the steering Wheel) While the braking 
force control is in progress. If the driver is performing a 
steering operation, then the control unit 6 proceeds to Step 8. 
If the driver is not performing a steering operation, then the 
control unit 6 proceeds to Step 10 and continues With the 
current braking force control. 

In Step 8, the control unit 6 reads a program for determin 
ing if the preceding object can be avoided and executes the 
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program to determine if the preceding object WO can be 
avoided by steering and lowering the braking force currently 
acting on the host vehicle NS. The program is contrived to 
make the preceding object avoidability determination based 
on the position of the preceding object WO With respect to the 
host vehicle NS detected by the preceding object detecting 
section 10A, the host vehicle running condition detected by 
the running condition detection section 10B, and the actua 
tion amount detected by the steering actuation state detecting 
section 10C. 

In order to make this preceding object avoidability deter 
mination, the control unit 6 uses a series of vehicle motion 
model equations that de?ne a vehicle motion model. The 
control unit 6 calculates the predicted vehicle travel path 
based on the vehicle motion model equations. An example of 
the vehicle motion model equations that can be used is shoWn 
beloW (U. Kiencke and L. Nielsen, “Automotive Control Sys 
tems,” Springer Verlag, (2000)). 

PW [a W (6) 

In the above Equations, term [3 is the vehicle slip angle 
shoWn in FIG. 5, term y is the yaW rate, term 6 is the front 
Wheel steering angle, term f is a non-linear function describ 
ing the behavior of the vehicle, term u is an input vector, term 
X is an output vector, and term T is the transpose of the roW or 
vector. Also, term 0 is the yaW angle. 

Assuming term t is a variable representing the time, the 
current time occurs at time t?o, and the initial value X(tO):(vO 
[30 yo) can be obtained for the output vector at the current time, 
a time series of the output vector X corresponding to any input 
vector u can be estimated by integrating the Equation (5). The 
initial value (speed) v0 can be found using the detection out 
put of the vehicle speed sensors 2 or the acceleration sensor 4. 
If the vehicle can be assumed to be traveling straight forWard, 
the initial values [30 and Y0 can be set to 0. 

If the host vehicle NS is not traveling in a straight line, then 
the slip angle [3 is estimated using the yaW rate y measured by 
the yaW rate sensor 3, the vehicle speed v measured by the 
vehicle speed sensors 2, and the acceleration measured by the 
acceleration sensor 4.Any of various knoWn technologies can 
be used as the method of estimating the slip angle [3. 

The input vector u is found using the Equation (8) shoWn 
beloW. Since this embodiment is contrived to ?nd the vehicle 
travel path that Will occur if the braking force control is 
cancelled, the braking force is treated as a quantity that 
changes in accordance With the differential Equations shoWn 
in the Equation (8) beloW, Where l/uub is the response time 
constant of the hydraulic pressure control system 8C. 

It is assumed that the front Wheel steering angle 6 detected 
by the steering actuation state detecting section 10C at the 
current point in time remains constant. 

Under the conditions described above, a state vector X(t) of 
the time series is calculated by integrating the differential 
Equation (5), Which is a differential Equation of the output 
vector X With respect to the input vector u. The predicted 
travel path of the vehicle in the X-Y coordinate system can 
then be obtained by integrating the state vector X(t) of the time 
series using the differential Equations (9) to (l 1) shown 
beloW. 
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10 
(9) 

(11) 

Based on the predicted travel path calculated, just 
described, the time tp(t?p) When the host vehicle NS Will 
reach the X-aXis position XP of the preceding object WO can 
be calculated. Assuming the host vehicle NS travels in accor 
dance With the predicted travel path, the Equation (12) shoWn 
beloW eXpresses the condition that must be satis?ed in order 
to avoid infringement of the host vehicle NS against the 
preceding object WO at the time tp. 

(H 

In Step 9, if the condition eXpressed by the Equation (12) is 
satis?ed, the control unit 6 determines that the preceding 
object WO can be avoided by cancelling the braking force 
control so long as the current steering angle is maintained. 
MeanWhile, if the condition eXpressed by the Equation (12) is 
not satis?ed, the control unit 6 determines that it is not pos 
sible to avoid the preceding object WO. 

In other Words, as shoWn in the illustration of FIG. 6, the 
control unit 6 acquires the initial state quantity X(tO):(vO [30 
yo) of the host vehicle NS based on the measurement values 
obtained from the running condition detection section 10B 
and the input vector u:(Fl F2 F3 F4 6), Which includes the 
steering angle 6 obtained from the steering actuation state 
detecting section 10C. Then, the control unit 6 uses the 
acquired quantities in the vehicle motion modeling differen 
tial Equation (5) and applies a coordinate conversion to ?nd 
the X andY coordinates of the vehicle position and the direc 
tion 0 of the host vehicle NS With respect to the X aXis in the 
manner of a time series. The control unit 6 then estimates the 
travel path of the host vehicle NS and determines if the pre 
ceding object WO can be avoided by determining if the con 
dition eXpressed in the Equation (12) is satis?ed. If the con 
dition is satis?ed, then the control unit 6 determines that the 
preceding object can be avoided if the current steering angle 
is maintained. 

In Step 8, it is not necessary to integrate the differential 
Equation (5) in real time. The determination result can be 
obtained quickly by creating a map of determination results 
using an o?line calculation. 

Steps 8 and 9 (discussed later) serve as the preceding object 
avoidability determining section for determining if the pre 
ceding object WO can be avoided With the current steering 
angle and by loWering the braking force currently acting on 
the host vehicle NS. Steps 8 and 9 are eXecuted When it is 
determined in the braking force control section (Step 2) that 
braking force control is in progress. The determination of the 
preceding object avoidability is made based on the position of 
the preceding object WO With respect to the host vehicle NS, 
the running state of the host vehicle NS, and the steering 
actuation amount or state. In other Words, Steps 8 and 9 serves 
as a second preceding object avoidability determining section 
that is eXecuted When the ?rst avoidability determination 
(Step 4) ?nds that the obstacle is impossible to avoid and the 
steering Wheel 5B is being turned, and that determines if the 
preceding object WO can be avoided by loWering a braking 
force currently being applied to the host vehicle NS. 

If the preceding object W0 is moving and the velocity vp is 
knoWn, then the preceding object WO can be assumed to be 
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undergoing linear motion at a constant speed and the Equa 
tion (13) shoWn below can be used instead of the Equation 
(12) to determine the preceding object avoidability in Step 9. 
The Equation (13) is obtained by substituting the term yp'(tp) 
indicating the estimated position of the preceding object WO 
at the time tp for the term y(tp) in the Equation (13). 

The term yp'(tp) can be calculated using the Equation (14) 
shoWn beloW. 

In the Equation above, term yp'(to) is the initial position of 
the preceding object WO at the time t0 and vp><(tp—to) is the 
amount by Which the preceding object WO moves during the 
period of time from tO to tp (i.e., tP—tO). 

If it determines in Step 9 that the preceding object WO can 
be avoided, then the control unit 6 proceeds to Step 11 and 
turns the braking force control ?ag OFF. The control unit 6 
then cancels the braking force control target value. The con 
trol unit 6 then proceeds to Step 13 and ends the control loop. 

Steps 11 and 12 are braking force loWering steps serving to 
loWer the braking force applied to the vehicle When it has been 
determined in the preceding object avoidability determining 
steps that the preceding object WO can be avoided. 

If it determines in Step 9 that the preceding object WO can 
not be avoided, then the control unit 6 proceeds to Step 10 and 
ends the control loop While maintaining (holding) the braking 
force control target values. 

Step 10 is a braking force maintaining step serving to keep 
the braking forces acting against the vehicle When it has been 
determined in Step 9, i.e., the preceding object avoidability 
determining step, that the preceding object can not be 
avoided. 

The avoidability With respect to the preceding object WO 
can be determined using the Equations (13) and (14) regard 
less of Whether the preceding object W0 is moving or sta 
tionary. 

Referring to FIG. 7, a situation Will noW be explained in 
Which a preceding object W0 is discovered as shoWn in FIG. 
4 and the control unit 6 starts braking While the driver turns 
the steering Wheel to the right (for example) to avoid the 
preceding object W0. A case in Which the preceding object 
W0 is stationary and a case in Which the preceding object W0 
is moving Will be explained separately. 

Diagram (A) of FIG. 7 shoWs a case in Which the preceding 
object W0 is stationary. When the control unit 6 discovers the 
preceding object WO, it executes Steps 1 to 6 sequentially and 
puts the host vehicle NS into a fully braked state When the 
Equations (1) and (2) are satis?ed. 

MeanWhile, the driver operates the steering Wheel in order 
to avoid the preceding object WO. The host vehicle NS enters 
the fully braked state When a prescribed amount of time has 
elapsed since the braking force control Was started. During a 
period immediately after the driver starts turning the steering 
Wheel, the host vehicle NS is held in the fully braked state 
because the steering Wheel has not yet been turned to a steer 
ing angle With Which the preceding object WO can feasibly be 
avoided. In the fully braked state, the tires of the host vehicle 
NS cannot exert lateral forces and, even if the steering Wheel 
is turned, the host vehicle NS continues to move forWard as it 
decelerates. 
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12 
In the next control cycle, the control unit 6 determines in 

Step 2 that the braking force control of the host vehicle NS is 
in progress and proceeds to Step 7. In Step 7 the control unit 
6 determines if the preceding object WO can be avoided by 
turning the steering Wheel. In Steps 8 and 9, the control unit 6 
determines if the driver has turned the steering Wheel 5B by a 
steering amount (angle) that is large enough for the preceding 
object WO to feasibly be avoided. When it determines that the 
preceding object WO can be avoided, the control unit 6 can 
cels or loWers the braking of the host vehicle NS such that the 
tires can exert lateral forces. As a result, the host vehicle NS 
folloWs the travel path Q1 of diagram (A) of FIG. 7 and avoids 
the preceding object WO. 

Diagram (B) of FIG. 7 shoWs a case in Which the preceding 
object W0 is moving from left to right relative to the host 
vehicle NS. When the control unit 6 discovers the preceding 
object WO, it executes Steps 1 to 6 sequentially and puts the 
host vehicle NS into a fully braked state When the Equations 
(1) and (12) are satis?ed. Meanwhile, the driver operates the 
steering Wheel in order to avoid the preceding object WO. The 
host vehicle NS enters the fully braked state When a pre 
scribed amount of time has elapsed since the braking force 
control Was started. During a period immediately after the 
driver starts turning the steering Wheel, the host vehicle NS is 
held in the fully braked state because the steering Wheel has 
not yet been turned to a steering amount or angle 6 With Which 
the preceding object WO can feasibly be avoided. In the fully 
braked state, the tires of the host vehicle NS cannot exert 
lateral forces and, even if the steering Wheel 5B is turned, the 
host vehicle NS continues to move forWard as it decelerates. 

Then, the control unit 6 determines in Step 2 that the 
braking force control is in progress and proceeds to Step 8. 
After the control unit 6 executes the preceding object avoid 
ability determination processing of Step 8, it proceeds to Step 
9 and determines if the preceding object can be avoided. 

In this case, if the Equation (2) is used When a steering 
angle 6 With Which the preceding object WO can feasibly be 
avoided is reached due to the driver turning the steering Wheel 
rightWard, then in Step 9 the control unit 6 Will determine that 
the preceding object WO can be avoided. Then, the control 
unit 6 Will cancel the braking control of the host vehicle NS 
and loWer the braking force such that the tires exert lateral 
forces. As a result, the host vehicle NS Will folloW the travel 
path Q1 shoWn in diagram (B) of FIG. 7 and the likelihood 
that the host vehicle NS Will infringe on the preceding object 
WO Will increase. 

HoWever, When the preceding object W0 is moving, the 
control unit 6 uses the Equations (12) and (14) in Step 9 to 
determine if the preceding object WO can be avoided by 
turning the steering Wheel 5B. Thus, in a case in Which the 
preceding object W0 is moving, the control unit 6 determines 
that the preceding object WO cannot be avoided and proceeds 
to Step 10, Where it maintains the braking force control such 
that the exertion of lateral tire forces is suppressed. As a result, 
the host vehicle NS folloWs the straight forWard travel path 
Q2 While decelerating and stops immediately after passing 
the original position (xp, yp) of the preceding object WO. In 
this Way, the control ensures an appropriate avoidance opera 
tion that accommodates the movement of the preceding 
object WO. 
When the braking force control is maintained, the ABS 

control is executed as usual With respect to the rear Wheels 8B‘ 
but is canceled With respect to the front Wheels 8A‘. Altema 
tively, instead of cancelling the ABS control, it is also accept 
able to raise the slippage threshold value used to determine 
When to start the ABS control such that the ABS control does 
not start as readily. The purpose of maintaining (holding) the 












